The first step in caspase activation is transition of the latent zymogen to an active form. For the initiator caspases, this occurs through dimerization of monomeric zymogens at an activating complex. Recent studies have suggested that FLIP L [FLICE-like inhibitory protein, long form; FLICE is FADD (Fas-associated death domain protein)-like interleukin-1β-converting enzyme], previously thought to act solely as an inhibitor of caspase-8 activation, can under certain circumstances function to enhance caspase activation. Using an in vitro induced-proximity assay, we demonstrate that activation of caspases-8 and -10 occurs independently of cleavage of either the caspase or FLIP L . FLIP L activates caspase-8 by forming heterodimeric enzyme molecules with substrate specificity and catalytic activity indistinguishable from those of caspase-8 homodimers. Significantly, the barrier for heterodimer formation is lower than that for homodimer formation, suggesting that FLIP L is a more potent activator of caspase-8 than is caspase-8 itself.
INTRODUCTION
Apoptotic cell death is carried out through the concerted action of caspases, a family of cysteine-dependent aspartate-specific proteases. The caspases exist within the cell as inactive zymogens and are activated via a proteolytic cascade, the first phase of which is initiator caspase activation. This is achieved via one of two pathways, classified on the basis of the origin of the death stimulus: the extrinsic (death receptor) pathway and the intrinsic (mitochondrial) pathway. Upon receipt of a death signal, initiator caspases are recruited to a multiprotein activating complex -the DISC (death-inducing signalling complex) for the extrinsic initiator caspases-8 and -10, and the apoptosome for the intrinsic initiator caspase-9. Both death pathways culminate with activation of the executioner caspases-3 and -7.
The mechanism by which initiator caspases are activated has been the subject of intense investigation. It was initially thought that all caspases are activated by limited proteolysis, with an activating complex serving to bring initiator caspase zymogens into such close proximity as to allow them to utilize a low level of activity to trans-process their neighbouring zymogen. While this model, espoused as the induced proximity hypothesis, offered a viable explanation given the data at the time, a unified model for apical caspase activation was recently proposed to encompass new findings in the field.
This unified model is based on two main findings: (i) apical caspase zymogens are monomeric, and (ii) proteolytic cleavage is dispensable for apical caspase activation. The unified model postulates that homodimerization of monomeric zymogens is necessary and sufficient for apical caspase activation. Dimerization allows structural rearrangements to order the catalytic site into an active conformation, independent of any proteolytic cleavage. In contrast with the apical caspases, proteolytic cleavage within the catalytic unit of the executioner caspases (caspases-3, -6 and -7) is absolutely required, primarily to permit translocation of the activation loop and subsequent ordering of the active site to occur. Certain predictions arise from the unified model, and perhaps the most intriguing of these is that heterodimerization functions as a mechanism for activating apical caspases.
FLIP L [FLICE-like inhibitory protein, long form; FLICE is FADD (Fas-associated death domain protein)-like interleukin-1β-converting enzyme] is a caspase-8 homologue, containing two N-terminal DEDs (death effector domains) and a caspaselike domain. Importantly, FLIP L lacks key residues necessary to form a protease active site, and is therefore devoid of any catalytic activity. The role of FLIP L in apoptosis has been hotly debated. The prevailing hypothesis was that FLIP L functions solely as an inhibitor of apoptosis, preventing caspase-8 activation at the DISC through competition for binding sites. While this model certainly holds true, under certain conditions where cellular levels of FLIP L are high, recent work has shown that FLIP L can act as an activator of caspase-8 [1, 2] . In this paper we investigate in detail the mechanism by which FLIP L activates caspases-8 and -10, and we test the hypothesis that this activation is a natural consequence of dimerization predicted by the unified model.
EXPERIMENTAL

Recombinant protein expression and purification
DED FLIP L (lacking the fist 186 residues) was subcloned into the NdeI and XhoI sites of a pET-15b derivative plasmid, providing an N-terminal His 6 tag. The DED FLIP L D297A mutant (residue numbering follows the caspase-1 convention [3] ) was generated by Asp → Ala substitution at the underlined residue LEVD. The DED FLIP L Q390D mutant was generated by a Gln → Ala mutation at VWLQ. DED caspase-10 (lacking the first 202 residues) was subcloned into the NdeI and BamHI sites of pET15b, providing an N-terminal His 5 tag. DED non-cleavable caspase-10 mutant was generated by Asp → Ala substitution at IEAD 297 . DED caspase-10 C285A mutant was generated by a
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Cys → Ala mutation of the conserved catalytic cysteine. DED caspase-8, DED non-cleavable caspase-8, DED caspase-8 C285A, non-cleavable caspase-9 and caspase-9 C285A mutants were cloned as described in [4] . All mutations were generated by overlap PCR and confirmed by sequencing. Expression and purification of caspases was carried out as described previously [5] . Non-cleavable caspase-8 contains a trace amount (∼ 1 %) of fully active dimer. As the presence of this fully active enzyme complicated zymogen activation studies, it was removed by incubation with 10 µM Z-VAD-FMK (benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl ketone) for 10 min at 37
• C. Unbound inhibitor was then removed by dialysis into 20 mM Tris (pH 8.0)/50 mM NaCl. The expression and purification of all DED FLIP L proteins was carried out exactly as described for the caspases, with the exception that purification was carried out at pH 7.4 rather than pH 8.0. Purified DED FLIP L proteins were dialysed into 20 mM Tris/HCl (pH 7.3)/200 mM NaCl and stored at − 80
• C until the time of assay.
Tissue culture and preparation of cytosolic extracts
Jurkat cells were cultured in RPMI-1640 with 10 % (v/v) fetal bovine serum, 100 units/ml penicillin and 2 mM L-glutamine. Jurkat cell cytosolic extracts were prepared as previously described [6] .
Immunoblotting
Samples were resolved on an 8-18 % (w/v) acrylamide gradient gel, then transferred to a PVDF membrane in 10 mM Caps, pH 11, and 10 % (v/v) methanol at a constant current of 400 mA for 45 min. Following passivation in 10 % (w/v) dried milk powder, the resulting blots were immunoblotted using the monoclonal [7] . Immunoprecipitates were diluted to 100 µl in mRIPA (50 mM Tris, pH 7.4, 100 mM NaCl, 1 % Nonidet P-40, 0.5 % deoxycholic acid, 0.1 % SDS) and 10 µl of coupled beads was added. Following a 16 h incubation at 4 • C, immunoprecipitates were washed three times with mRIPA. Samples were resolved on SDS/PAGE gels and immunoblotting was performed as described above. Samples destined for enzymic analysis were resuspended in mRIPA and a portion assayed as described below.
Gel filtration
Experiments were done using a Pharmacia AKTA purifier system equipped with a Superdex 200 HR 10/30 column with a flow rate of 0.5 ml/min (Amersham Pharmacia Biotech), and 0.5 ml fractions were collected for analysis. For separation of monomeric and dimeric DED caspase-8, 20 mM Tris (pH 8.0)/100 mM NaCl was used, and leading and trailing fractions from protein peaks were collected respectively. The column was calibrated using gel filtration standards from Bio-Rad.
Enzymic assays
The indicated concentrations of recombinant caspases and DED FLIP L mutants were preincubated in the presence of the indicated buffer for 20 min at 37
• C. The composition of the low-salt buffer was 20 mM Tris and 100 mM NaCl, pH 7.4. The kosmotrope (high salt) buffer composition was 0.7 M sodium citrate, 20 mM Tris, pH 7.4, and 100 mM NaCl. The indicated fluorogenic substrate was then added in a 10 % volume of the appropriate lowor high-salt buffer to give a final concentration of 100 µM. Amidolytic activity was measured on an f-max Molecular Device spectrofluorimeter at 37
• C (excitation 405 nm, emission 510 nm). The active concentrations of all enzymes were determined by active-site titration using Z-VAD-FMK as described [8] .
Prior to active-site titration, enzymes were preincubated with the indicated amount of DED FLIP L or buffer control in the presence of low-salt buffer or kosmotrope buffer for 20 min at 37
• C. For kinetic assays on immunoprecipitated proteins, the equivalent of 5 µl of beads was added to the wells of a 96-well plate in 20 µl of mRIPA. FLIP or buffer control was added, and then low-salt or kosmotrope buffer to a final concentration of 0.7 M sodium citrate. Following a 20 min incubation at 37
• C, Ac-IETD-AFC (acetyl-Ile-Glu-Thr-Asp-7-amido-4-fluoromethylcoumarin) was added and activity measured as described above.
N-terminal sequencing of protein samples
Protein samples were resolved by SDS/PAGE and transferred to a PVDF membrane by electroblotting, and the membrane was briefly stained in Coomassie Brilliant Blue R250. Appropriate bands were excised and sequenced by Edman degradation at the University of Georgia Sequencing and Synthesis Facility.
RESULTS
Conventions and definitions
Throughout this paper the caspase-1 numbering convention is used as recommended to describe important residues in caspase-8, caspase-10 and FLIP L [3] . This allows easy translation of conserved structural elements across the caspase family members. Figure 1 provides a reference to the transition from caspase-1 numbering to the actual amino acids of the other proteins. As the presence of DEDs complicates expression of proteins in Escherichia coli, they were deleted from recombinant FLIP L , caspase-8 and caspase-10 mutants. For simplicity, the DED prefix is omitted from the descriptions of these proteins throughout the remaining text.
Caspases frequently occur in two forms -cleaved (two chains) and uncleaved (single chain). This cleavage occurs at the interdomain linker and separates the large and small subunits. A caspase catalytic unit is composed of one large and one small subunit. We define a caspase containing one catalytic unit as a monomer, and one containing two catalytic units as a dimer. Regardless of cleavage status, an initiator caspase monomer is a zymogen, with the dimer being the active form.
FLIP L activates procaspase-8
High concentrations of kosmotropic salts have long been a tool of researchers to study protein-protein interactions, as they are capable of salting out proteins from solution, creating local
Figure 1 Schematic representation of conserved caspase residues
Conserved residues of the caspase family are shown. As the caspase-1 numbering system is used throughout, this Figure allows translation of conserved residues across the various members of the caspase family. For caspases-8 and -10, the numbering system describing isoform a is used.
areas of high protein concentrations [9] . Previous work from our laboratory established that high concentrations of kosmotropic salts can induce dimerization of initiator caspases, providing a tool to recapitulate the events of induced proximity in vitro [4] . Therefore we tested the hypothesis that FLIP L can activate caspase-8 by observing caspase activity in the presence of FLIP L and kosmotrope. We used a non-cleavable form of caspase-8 (residues 297 and 316 mutated to Ala) to simulate the endogenous zymogen form, and asked whether it could be activated in the presence of kosmotrope by FLIP L . This enzyme contains 1 % fully active dimer, and was treated with Z-VAD-FMK to remove this trace amount of fully active enzyme, as described in the Experimental section. As illustrated in Figure 2 (A), FLIP L can indeed activate caspase-8, with a maximum activation at around 0.7 M sodium citrate under the conditions employed.
Postulating that FLIP L activation of caspase-8 resulted in a heterodimeric enzyme with one active site per heterodimer, we tested whether a caspase catalytic mutant would be able to activate its respective caspase pro-form in a FLIP L -like manner. Figure 2 (A) compares the ability of caspase-8 C285A and FLIP L to activate non-cleavable caspase-8 in a kosmotrope-dependent fashion. Notably, FLIP L -mediated hetero-activation required much less kosmotrope than caspase-8-mediated homo-activation. The decrease in activity at high kosmotrope concentrations seen with FLIP L could be due to competition for homodimerization of either the caspase or FLIP L . Whatever the cause, the decrease was repeatable, as demonstrated by the low margin of error. A sodium citrate concentration of 0.7 M provided the largest difference between hetero-activation and homo-activation. Therefore throughout the subsequent studies this concentration of kosmotrope was used to study the kinetics of caspase-FLIP L interactions, as it provides the lowest background activity due to homo-activation.
Previous studies have shown that it can be difficult to capture the dimerized form of non-cleavable caspase-8 due to its rapid dissociation into monomers [4, 10] . We therefore employed Z-VAD-FMK to trap the active caspase in a form suitable for analysis by size exclusion chromatography. As shown in Figure 2 that was eluted with the predicted size of a heterodimer (66 kDa). The final heterodimer/monomer ratio under these conditions was approx. 1:6. Omission of Z-VAD-FMK from the incubation abrogated the ability of the proteins to form heterodimers that were stable to gel filtration conditions. Incubation of either protein alone under identical conditions resulted in the protein eluting as a monomer [31 kDa for non-cleavable caspase-8 ( Figure 2C ) and 35 kDa for FLIP L ( Figure 2D) ], despite the fact that Z-VAD-FMK was present in these samples, indicating that homodimerization does not occur as readily as heterodimerization.
FLIP L preferentially activates the zymogen form of caspase-8
During overexpression in E. coli, high concentrations of proteins occur. In the case of caspase-8, this induces dimerization and subsequent autoprocessing [4, 10] . Following purification, wild-type caspase-8 is found to exist as two distinct species, an inactive monomer and an active dimer, separable by size exclusion chromatography [4, 10] . Given that cleavage of caspase-8 most often occurs as a post-activation event, we postulated that FLIP L would preferentially activate an uncleaved monomeric caspase-8, as this most closely approximates the zymogen form. In order to assess the ability of FLIP L to activate a zymogen-like form of caspase-8, we again utilized non-cleavable caspase-8. This protein remains unprocessed during expression and purification and is approx. 99 % monomeric, with the remainder being a fully active uncleaved dimer [4] . This trace quantity of active enzyme was removed from subsequent zymogen activation studies by treatment with Z-VAD-FMK as described in the Experimental section. Incubation with an equimolar amount of FLIP L led to a modest increase in the activity of all forms of caspase-8. However, in the presence of 0.7 M sodium citrate only the non-cleavable form of caspase-8 was activated substantially by FLIP L , indicating that FLIP L preferentially activates the uncleaved form of caspase-8, which most accurately simulates the endogenous zymogen ( Figure 3A ).
Endogenous procaspase-8 can be activated by FLIP L
Non-cleavable caspase-8 resembles endogenous procaspase-8 in that both are uncleaved monomers. However, the recombinant proenzyme lacks the N-terminal DEDs and the ability to be cleaved during activation. To validate non-cleavable caspase-8 as a model for studying the activation of endogenous procaspase-8, we compared the ability of the two proteins to be activated by FLIP L in our in vitro induced-proximity assay. Endogenous procaspase-8 immunoprecipitated from a Jurkat cytosolic extract required the presence of 0.7 M sodium citrate and 1 µM FLIP L to achieve catalytic activity ( Figure 3B ). This result was similar to that obtained using an equivalent amount of non-cleavable caspase-8 that had been subject to identical immunoprecipitation conditions. Importantly, the activity achieved in the presence of kosmotrope and FLIP L manifested itself at comparable levels with the two enzymes. Figure 3(C) demonstrates that the enzymes were present in the assay at roughly comparable levels, as assessed by Western blot using monoclonal antisera. Taken together, these results validate our in vitro initiator caspase activation assay and demonstrate that endogenous full-length procaspase-8 is activated in a FLIP L -dependent manner.
Although our results suggest that the presence of DEDs on endogenous caspase-8 do not inhibit its activation by DED FLIP L in the presence of kosmotrope, activation of caspase-8 by full-length FLIP L awaits further characterization. One possibility is that the DEDs serve to prevent adventitious activation by blocking the dimerization interface of the zymogens. Binding of the DEDs at the DISC would then relieve this block by freeing the dimerization interface. However, it is unlikely that this type of block is necessary, as our in vitro data suggest that the barrier for both hetero-and homo-dimerization is sufficiently high as to prevent unsolicited activation in the absence of an inducedproximity event (i.e. kosmotrope or binding at the DISC).
To determine if FLIP L can activate other initiator caspases, we tested its ability to activate the recombinant pro-forms of caspases-9 and -10. FLIP L activated non-cleavable caspases-8 and -10 in the presence and absence of kosmotrope, but under no conditions was non-cleavable caspase-9 activated by FLIP L ( Figure 3D ). Therefore FLIP L is a specific activator of initiator caspase zymogens of the extrinsic pathway. In the present study we focused on delineating the role of FLIP L in the modulation of apoptotic pathways, and thus restricted our studies to the canonical death caspases. More attention was given to caspases-8 and -10 as they, like FLIP L , contain N-terminal DEDs and are known to be recruited to the DISC. However, the formal possibility remains that FLIP L might influence the activity of other initiator caspase zymogens, such as caspases-1, -2 and -5, and this will probably depend on the complementarity of the dimer interface(s).
Cleavage of FLIP L is not required for the activation of procaspases-8 and -10
Several reports indicate that FLIP L is cleaved at the DISC by caspase-8 [2, [11] [12] [13] . In our in vitro activation experiments, we found that a small proportion of FLIP L was cleaved at Asp 297 during its activation of non-cleavable caspase-8, as confirmed by N-terminal sequencing (results not shown). To investigate the importance of this cleavage event for the activation process, we mutated this site to Ala, producing FLIP L D297A. We found this mutant to be as efficient in activating non-cleavable caspases-8 and -10 as wild-type FLIP L ( Figures 4A and 4B) , despite the fact that no detectable cleavage of FLIP L occurred during the course of the experiment (results not shown). Indeed, FLIP L D297A seemed to enhance activity of non-cleavable caspase-8 somewhat more efficiently than wild-type FLIP L .
Requirement of heterodimerization for activation of caspase-8 by FLIP L
To investigate the role of heterodimerization in the activation of procaspase-8 by FLIP L , a radical mutation was introduced at the predicted heterodimer interface of FLIP L , producing FLIP L Q390D [2] . This single point mutation is expected to prevent heterodimerization, and completely abrogated the ability of FLIP L to activate non-cleavable caspase-8 or -10 ( Figures 4A and 4B) .
In the interests of characterizing this novel heterodimeric protease, the catalytic parameters of FLIP L -activated non-cleavable caspase-8 were determined and compared with those of homodimeric wild-type caspase-8. As the titration experiment in Figure 4 illustrates, 50 nM caspase-8 was maximally activated by 1 µM FLIP L . Table 1 summarizes the findings of experiments using this ratio of enzyme to activator where appropriate. Incubation in 0.7 M sodium citrate improved the K m and k cat values for homodimeric wild-type caspase-8, probably due to stabilization of the active site. Incubation of the heterodimer in 0.7 M sodium citrate yielded a robust enzyme with K m and k cat values very similar to those of the wild-type enzyme. Notably, non-cleavable caspase-8 in 0.7 M sodium citrate did not possess measurable catalytic activity in the absence of FLIP L , indicating that the reported values are attributable entirely to heteroactivation.
To characterize further the catalytic parameters of the homodimer and the heterodimer, a comparison of subsite specificity was performed using a positional scanning library with a fixed P1 aspartic acid. As illustrated in Figure 5 , the subsite specificities of the homo-and hetero-dimers were very similar. Of notable importance is the finding that, in the absence of FLIP, noncleavable caspase-8 exhibited such a low level of activity that in order to perform the experiment under these conditions 2.5 µM caspase was required.
DISCUSSION
The extrinsic apoptosis pathway is used to eliminate unwanted cells during development, immune system education, and immunosurveillance. It is initiated by ligation of a trans-membrane death receptor of the tumour necrosis factor receptor type 1 superfamily, which acts as a conduit for the transfer of apoptotic signals into a cell (reviewed in [14] ). Upon ligation, death receptors form aggregates at the cell surface providing a platform, the DISC, for the intracellular recruitment of the extrinsic apoptotic machinery. In its simplest form the DISC is composed of Fas, the adapter FADD and caspase-8, and together these constitute the minimal caspase-8 or -10 activator. The fundamental activation event is dimerization of caspase-8 monomers, induced by proximity of the zymogen monomers at the cytosolic face of the DISC. The original induced-proximity model postulated that a low level of activity is intrinsic to initiator caspase zymogens, allowing them to trans-process their neighbouring zymogens upon recruitment to the DISC [15] . However, recent studies have determined that initiator caspase zymogens are in fact completely inactive monomers with an absolute requirement for dimerization for activation, and that clustering at oligomeric activation platforms lowers the barrier to dimer formation and concomitant activation (reviewed in [16] ). Following dimerization to the catalytically active form, the N-terminal DEDs of caspase-8 are frequently removed, presumably allowing the activated caspase to be released into the cytosol [17] .
FLIP L as a caspase activator
In many early studies, FLIP L was seen as an inhibitor of DISC formation because it acts as a competitor of caspase-8 or -10 recruitment [18] [19] [20] [21] . This is seen most often with the short form of FLIP, FLIP S , which contains only the DEDs and is analogous to the DED-only viral FLIPs [22] . However, some of the initial reports on the full-length protein indicated that it could also be pro-apoptotic [13, [23] [24] [25] . More recently this has been confirmed by others and the apparent conflict rationalized on the grounds that FLIP L may be able to form heterocomplexes with procaspase-8 that are proteolytically active [1, 2] . Thus short forms of FLIP, lacking the caspase homology domain (c-FLIP S and viral FLIP) function solely as inhibitors, but FLIP L may be an inhibitor or activator of caspase-8, depending on the local concentrations at the DISC. In this scenario, high FLIP concentrations, found in many cancer cells, block caspase activation by saturating FADD molecules during DISC formation, preventing caspase-8 or -10 recruitment [1] . Lower concentrations favour caspase-8 or -10 activation [1] , presumably by the heterodimerization mechanism described here.
Our data support this hypothesis, demonstrating for the first time proteolytic activity within the caspase-8/FLIP L heterodimer. We hypothesize that kosmotropic salts duplicate the situation in vivo by lowering the barrier to dimer formation of initiator caspases [4] , and in this environment the kosmotrope-induced dimers simulate the activity of natural caspases-8 and -10 in their active forms. The mechanism of heterodimerization is readily understood, since FLIP L should in principle be conformationally similar to procaspases-8 and -10 [2] and therefore undergo similar protein interactions. Significantly, hetero-activation requires less kosmotrope than homo-activation, suggesting that heterodimerization of caspase-8 with FLIP L has a lower kinetic barrier than homodimerization of caspase-8.
The reasons for the lowered barrier are unknown. Probably the most important structures governing activation are loops that influence translation of the 340 activation loop through the central cavity of caspase dimers. Insertions into this cavity are seen in the zymogens of caspase-7, where they prevent translation of the 340 activation loop to its catalytic conformation [26, 27] . In caspase-9 the 240 loop occludes the central cavity and favours translation of the analogous 340 activation loop [28] . The structure of FLIP L is unknown, but we note that it may contain insertions around the interface symmetry residue (390) with respect to other caspases, and also insertions in the interdomain linker (downstream of residue 283). We speculate that these insertions may provide a barrier to the integration of the interdomain linker into the central cavity at the dimer interface, thereby lowering the barrier to the translation of the all-important 340 activation loop of the caspase-8 unit of the heterodimer.
Our data imply that at the DISC, in the presence of equimolar FLIP L and caspase, a molecule of caspase-8 zymogen is more likely to form FLIP heterodimers than caspase homodimers. The stoichiometry of the DISC is unknown, and likely to vary based on the origin of the signal, the available concentrations of components, and the number of DISCs formed. The concentration of FLIP L within the cell has been estimated to be approx. 1 % of that of caspase-8, while at the DISC there is an approximate 1:5 ratio of FLIP L to caspase-8, presumably due to differential preferences of the DEDs of the protein for binding sites of FADD [1] .
There are some interesting similarities between FLIP Lmediated caspase-8 activation and activation of MMP-2 (matrix metalloprotease-2) mediated by its inhibitor, TIMP-2 (tissue inhibitor of metalloproteases-2). In the extracellular milieu, low or intermediate TIMP-2 concentrations drive the activation of MMP-2 by MT1-MMP (membrane-type 1 MMP), with TIMP-2 acting to recruit proMMP-2 to cell-surface-bound MT1-MMP [29] . High concentrations of TIMP-2, however, rapidly inhibit activated MMP-2 [30] , and so the local concentrations of the inhibitor TIMP-2 regulate the activation of the enzyme MMP-2. Thus the concept of an inhibitor regulating 'activate/don't activate' signals is not unique, although the mechanisms of caspase-8/ FLIP L and MMP-2/TIMP-2/MT1-MMP are radically different.
Role of FLIP L /caspase-8 heterodimers
Abundant evidence suggests that caspase-8 participates in specific cellular proliferative events, in addition to its broader role in initiating apoptotic events. For example, caspase-8 is required for T-cell proliferation, at least in humans [31] . A recent study suggests that cleavage of FLIP L by caspase-8 is required for FLIP L -mediated propagation of pro-life signals through the NFκB (nuclear factor κB) pathway [11] . Our findings clearly demonstrate that cleavage of FLIP L by caspase-8 does not influence the activity of the heterodimer. However, cleavage may function to reveal neo-epitopes in FLIP L that mediate signalling through the NFκB pathway. This demonstrates the absolute importance of being able to distinguish between proteolytic activation events and those that may have another role in modulating the function of the heterodimer.
We were not able to detect significant kinetic or specificity differences between the homodimers and the heterodimers by using tetrapeptide synthetic substrates, so there seem to be no intrinsic differences based on whether caspase-8 contains one active site or two, and whether it is activated by homodimerization or heterodimerization. However, this does not preclude differences in cellular targets of the two enzymes in vivo. Moreover, a number of studies have demonstrated that the DEDs of caspase-8 are removed during its activation at the DISC. However, removal of the DEDs of FLIP L has not been detected, probably due to the fact that it lacks the conserved cleavage site between the DEDs and the large subunit. Therefore the heterodimer presumably remains sequestered at the DISC and hence may be confined to cleaving local substrates, such as the kinase RIP (receptor-interacting kinase) [2] . Thus the cellular location of the active enzyme, i.e. DISC-bound or released from the DISC, may confer differential substrate utilization. Another intriguing possibility is that heterodimeric caspase-8 may have a decreased ability to process dimeric substrates when compared with homodimeric caspase-8. Given that the executioner caspase zymogens are dimeric, this could potentially explain proposed pro-life signalling events mediated by caspase-8/FLIP heterodimers, compared with pro-death signalling believed to be mediated by caspase-8. Further studies are required to address this issue, but this proposal could account in part for the differential roles of caspase-8 in cell death pathways and in cell proliferation pathways that may be modulated by FLIP.
